


























An	 Environmental	 Health	 Information	 system	 application	 based	 on	 GIS	 platform	 was	 developed	
specifically	 for	 Bangalore	 and	 with	 the	 characteristics	 of	 the	 datasets	 available.	 The	 data	 was	
analysed	 using	 spatial	 and	 non-spatial	 techniques.	 Results	 showed	 that	 levels	 of	 PM10	 were	 of	
concern	 to	 the	city	with	all	areas	having	either	high	or	critical	 levels	of	pollution.	CVD	deaths	also	
were	of	concern	contributing	to	almost	40%	of	total	mortality.	The	potential	years	of	life	lost	(PYLL),	
which	 is	 an	 estimate	 of	 the	 average	 years	 a	 person	 would	 have	 lived	 if	 he	 or	 she	 had	 not	 died	
prematurely	was	calculated	for	the	years	from	2010	to	2013;	CVDs	were	responsible	for	25%	of	the	
total	 of	 potential	 years	 of	 life	 lost.	 The	 potential	 value	 of	 lifetime	 earnings	 were	 computed	 that	
highlighted	 a	 loss	 in	 excess	 of	 8	 billion	 INR	 over	 the	 four	 years.	 These	 potential	 years	 lost	 is	 an	




such	 as	 Inverse	Distance	Weighted	 interpolation	 technique.	 The	 performance	 of	 the	 interpolation	
was	 tested	 using	 cross-validation	 techniques	 and	 the	 results	 revealed	 that	 Bangalore	 city	 would	
benefit	 from	 increased	 measuring	 stations	 for	 PM10.	 Logistic	 regression	 was	 conducted	 that	




The	 results	 from	 the	 research	 guided	 the	 development	 of	 a	 novel	model	 that	 would	 assist	 other	
similar	developing	cities	to	assess	the	effects	of	air	pollution	on	CVD.	The	impetus	is	that	based	on	
knowledge	 sharing	 and	management,	 intervention	policies	 and	programs	may	be	 implemented	 to	
inform	research	and	practice	which	will	ultimately	have	social,	economic	and	health	 impact	on	the	







Bangalore.	 Further	 there	 is	 a	 lack	of	 knowledge	and	 insufficient	understanding	of	CVD	 risk	 factors	
















the	effects	of	AP	on	CVD	 in	developing	countries.	The	model	 is	named	5-I	as	 it	 represents	the	five	
important	 components	 that	 is	 a	 synthesis	 of	 many	 important	 elements	 that	 coherently	 work	
together	 to	 produce	 positive	 health	 outcomes.	 The	 use	 of	 innovative	 technology	 such	 as	 GIS	will	














The	 model	 highlights	 the	 first	 stage	 as	 identification	 of	 the	 nature	 of	 the	 research	 problem,	 the	
investigation	process	that	might	be	adopted	and	the	area	to	narrow	down	and	focus	on.	It	is	vital	at	
this	stage	to	also	 identify	 the	datasets	 required	 for	 the	research	and	the	stakeholders	 from	whom	
the	 data	 is	 required.	 Data	 quality	 is	 vital,	 not	 only	 because	 of	 its	 importance	 in	 promoting	 high	
standards	of	healthcare	but	accurate,	timely	and	accessible	healthcare	is	important	in	the	planning,	
development	 and	 maintenance	 of	 its	 services.	 Quality	 improvement	 and	 timely	 dissemination	 of	
quality	data	are	essential	to	maintain	healthcare	at	an	optimal	level.		
	
The	application	of	 Knowledge	Management	 (KM)	 techniques	would	 enhance	 the	 current	phase	of	
CVD	activities	and	synchronise	disjointed	knowledge	in	public	health	domain,	so	that	there	could	be	
a	more	 coordinated	 approach	 towards	 tackling	 CVD	mortality	 rate	 in	 Bangalore.	 Bali	et	 al.	 (2011)	
described	knowledge	management	(KM)	as	an	organisational	knowledge	with	meaningful	interaction	
of	 people,	 processes,	 activities	 and	 technologies	 that	 enable	 the	 sharing,	 creation	 and	
communication	of	knowledge.	Knowledge	is	interpreted	information,	which	will	enable	to	apply	the	


























proposed	methodology	 and	 GIS	 as	 an	 analytical	 information	 system,	 the	 data	 requirements	 from	
various	sources	was	identified	such	as	basemaps,	attribute	data,	demographic	data,	air	pollution	and	
CVD	data.	 India	 is	gaining	 reputation	as	one	of	 the	 fastest	growing	economies	 in	 the	world	 today.	
While	 the	country	 is	benefiting	 from	the	economic	boom	due	 to	 its	 rapid	development,	 there	 is	a	
negative	 impact	on	 the	nation’s	 environment.	A	World	Health	Organization	 (WHO)	 study	of	 1,600	
cities	released	in	May	2014	found	New	Delhi	had	the	world's	dirtiest	air	with	an	annual	average	of	
153	 micrograms	 of	 small	 particulate	 matter	 (PM2.5).	 According	 to	 the	 2012	 Environmental	
Performance	 Index	 (EPI),	 which	 ranks	 countries	 on	 performance	 indicators	 tracked	 across	 policy	
categories	that	cover	both	environmental	health	and	ecosystem	vitality,	India	ranks	125th	of	the	132	
countries	 whose	 environments	 were	 surveyed.	 Moreover,	 it	 ranks	 as	 the	 bottom	 country	 in	 the	





Cardiovascular	 disease	 is	 one	 of	 the	 world’s	 leading	 causes	 of	 mortality	 (Ramaraj	 and	 Chellappa,	
2008),	 and	 is	 equally	 one	 of	 the	 major	 causes	 of	 mortality	 in	 India	 (Gupta	 et	 al.,	 2011)	 with	 an	
increase	in	the	explosion	of	cardiovascular	diseases	over	the	past	decade.	The	Registrar	General	of	
India	(RGI)	report	state	that	the	highest	cause	of	mortality	for	all	age	groups,	areas	and	genders	 is	














Paradise’	 to	 a	 rapidly	 growing	 city.	 This	 tremendous	 growth	 of	 Bangalore	 has	 boosted	 the	 city’s	















functional	 system	 in	 place	 for	 data	 collection	 but	 which	 could	 be	 improved.	 With	 a	 few	
improvements	made	to	the	system	to	collect	data	with	the	recommended	parameters	could	assist	in	
the	design	of	health	information	systems.	The	system	can	monitor	not	only	CVD	but	can	be	extended	














Bangalore	has	a	 good	 system	 that	monitors	 and	 collects	 the	air	pollution	data.	 It	was	determined	
that	there	is	no	coverage	for	the	entire	city	over	a	period	of	time	to	assess	the	long-term	effects	of	
air	pollution	on	health.	Although	 it	 is	 appreciated	 that	Zones	Bommanahalli	 and	RR	Nagar	are	 the	
newer	extended	areas	of	Bangalore,	they	do	not	have	any	fixed	monitoring	stations.	Policies	should	
include	the	provision	of	continuous	monitoring	in	fixed	locations	to	assess	effects	of	pollutants	over	









Awaiting	 PM	 report,	 Natural	 Death	 and	 Old	 age.	 According	 to	 WHO	 cause	 of	 death	 must	 be	
appropriately	 coded	 according	 to	 the	 guidelines	 provided.	 It	 is	 concluded	 from	 this	 research	
assessment	that	Bangalore	has	a	system	that	is	functional	but	could	be	improved.	Having	identified	
the	data	quality	issues,	it	is	determined	that	if	there	is	a	focus	on	improving	the	elements	that	can	be	
easily	 rectified,	Bangalore	will	 see	an	 improved	mortality	database	which	will	provide	credible	and	
trustworthy	information	that	will	assist	in	determining	any	patterns	or	trends	in	the	deaths.		
Certifying	deaths	by	the	‘cause-of-death’	is	important	as	it	describes	and	explains	levels	and	trends.	
Emerging	 diseases	 and	 conditions	 can	 be	 identified	 and	 the	 scale	 of	 how	 different	 groups	 are	
affected	 by	 the	 burden	 of	 specific	 diseases	 can	 be	 tracked.	 This	 will	 then	 guide	 the	 priorities	 for	
intervention	 programmes	 by	 the	 government	 and	 the	 decisions	 on	 directing	 and/or	 allocating	
resources	according	to	areas	of	priority.		According	to	the	WHO,	due	to	the	many	important	public	









Data	 integration	 involves	 combining	 data	 residing	 in	 different	 sources	 and	 providing	 users	with	 a	
unified	view	of	this	data.	An	Environmental	Health	Information	system	based	on	GIS	was	developed	
that	allowed	the	integration	of	data	and	perform	analysis.		
Non-spatial	 analysis	was	 conducted	using	 SPSS	 and	 spatial	 analysis	was	 carried	out	using	GIS.	 The	
non-spatial	analysis	 included	both	descriptive	 statistics	and	 inferential	 statistics.	The	 results	of	 the	
descriptive	 statistics	 demonstrated	 that	 air	 pollution	 SO2	was	well	 under	 control	 in	 the	 city	 never	







association	between	PM10	and	CVD	mortality	 for	all	 the	 four	years	 in	 the	city	while	 controlling	 for	





the	city	was	obtained	 from	the	 interpolation	technique	and	recorded	 in	 the	database.	CVD	deaths	
was	geocoded	 for	every	 zone	was	also	produced	as	 a	 layer	 in	 the	GIS	 system.	Overlay	 techniques	
were	 used	 to	 superimpose	 the	 layers	 and	 visualise	 any	 patterns.	 The	 zones	with	 the	 highest	 CVD	
levels	were	mapped.	Hotspots	were	also	determined	at	the	zonal	level.		
A	 system	 simulation	 was	 also	 carried	 out	 to	 demonstrate	 how	 clusters	 at	 ward	 levels	 can	 be	
determined	 with	 a	 few	 changes	 to	 the	 way	 data	 is	 collected.	 Another	 recommendation	 that	 is	
proposed	 is	 that	although	an	 information	system	such	as	GIS	allows	 for	data	 integration,	 it	 is	vital	
that	 the	departments	 integrate	and	communicate	 to	work	 towards	 the	prevention	of	air	pollution	
induced	CVDs.	Many	disciplines	in	public	health	have	highlighted	how	interdisciplinary	partnerships	





Stakeholder	 integration	 enables	 the	 stakeholders	 to	 work	 collaboratively	 in	 order	 to	 facilitate	






have	 to	 be	 developed.	 Knowledge	 is	 interpreted	 information,	 which	 will	 enable	 to	 apply	 the	













• Identify	populations	who	have	not	 yet	developed	CVD	but	 are	 at	 risk	 to	offer	 appropriate	
advice	to	prevent	it	



















Once	 the	 interventions	 have	 been	 rolled	 out	 it	 is	 important	 to	 measure	 the	 impact	 of	 the	
interventions	 at	 constant	 intervals.	Without	 evaluation	 of	 the	 policies	 it	 is	 hard	 to	measure	what	
worked	and	what	didn’t.	The	impact	can	be	measured	as:	
Economical:	 how	 the	 interventions	and	 the	 subsequent	 results	had	an	 impact	on	 the	economy.	 Ill	
health	 adversely	 affects	 the	 development	 of	 human	 capital,	 which	 is	 crucial	 for	 developing	 a	
knowledge-based	economy.	
Societal:	 Many	 chronic	 diseases	 are	 preventable.	 They	 are	 often	 the	 result	 of	 smoking,	 harmful	
alcohol	 consumption,	 poor	 diet	 and	 insufficient	 physical	 activity.	 These	 risk	 factors	 are	 further	
compounded	by	underlying	socio-economic	factors	as	well	as	environment	factors.	
Individual:	 The	 right	 investments	will	 lead	not	 only	 to	 better	 health,	 but	 also	 to	 longer	 and	more	
productive	lives.	Foster	a	health	knowledge	system,	including	Scientific	Committees,	to	contribute	to	
evidence-based	decision	making.	




This	 research	makes	 a	 significant	 contribution	by	designing	 and	developing	 a	model	 that	 provides	
the	 stages	 to	 be	 adopted	 to	 conduct	 an	 analysis	 of	 the	 effects	 of	 air	 pollution	 on	 CVD	 and	 plan	





sharing	 across	 the	 various	 stakeholders	 assist	 in	 decision	making	 and	 introducing	 interventions	 to	
prevent	AP	 induced	CVDs.	As	 the	GIS	 system	 is	 scalable,	 in	 addition	 to	mapping	 and	 analysing	AP	




their	 collaboration.	 The	 knowledge	 and	 awareness	 of	 populations	 in	 the	 areas	 highlighted	 is	 also	
significant,	 as	 it	 is	 not	 only	 the	 government’s	 responsibility	 to	 improve	 health,	 but	 also	 citizens	
should	 share	 responsibility	 by	 improving	 behaviours	 that	 contribute	 to	 risk	 factors.	 Bangalore	 city	
has	been	able	to	consider	the	use	of	the	model	GIS	system	and	implement	it	for	the	benefit	of	the	
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